Different traffic data often come in different spatio-temporal granularity. Before integration,
189
it is necessary to first process and reconstruct the data on a common space-time grid. Here we 190 adopt the kernel-based interpolation method which is a popular approach used in data fusion 191 literature (Lanckriet, et al., 2004; Camps-Valls et al., 2006) . This kernel-based interpolation 192 can also be regarded as a kind of fuzzy regression approach (Tanaka et al., 1982; Choi and 193 Chung, 2002) . Moreover, this kernel-based method is also adopted by Treiber and Helbing
194
(2002 a, b) for fusing freeway traffic data as will be discussed in the next section.
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Consider a set of traffic measurements i u from a source taken as location i x and time i t ,
197
where i = 1,2,…, n and n is the total number of measurements. usual the function i φ is symmetric or isotropic in (x, t) in which it depends on the quantities
, where σ and τ represent respectively the spreads of the spatial and min respectively, then σ should be 250-m and τ should be 2.5 min.
227
Furthermore, in expression (1),
is number of data points that we consider when
. In extreme case, we can consider all data points in which
.
229
The choice of )
is a trade-off between computational speed and accuracy: the larger
, the more accurate the estimates while the heavier computational burden. show the propagation speed w is generally less than speed f v , which suggests the traffic 240 influence is anisotropic with respect to direction of influence.
242
To capture the anisotropic feature, Treiber and Helbing (2002 a,b) propose different formulae 
is the corresponding normalizing factor for both cases. In the case of urban 252 streets, we take the forward propagation speed f v as 25 kmph as revealed from the statistics 253 shown in Figure 2 , while w is -8 kmph. Note that w is negative which represents that it is 254 travelling against the direction of traffic.
256
The smoothed speed at each (x, t) is then determined as congested traffic; and u ∆ is the transition window width adopted in the weighting function.
273
Following our observations in Figure 2 , we set the crit u be 25 kmph and u ∆ be 5 kmph for The following two assumptions are made:
288 289
• all sampled vehicles travel steadily (i.e. no change in speed) with this speed within the 290 time window;
291
• the sampled vehicles enter the road section uniformly with a common time headway
where n is the number of sampled vehicles in t ∆ .
294 295
We can then construct a set of 'virtual trajectories' of the vehicles as shown in Figure 5 . The 
Simulation experiment 331 332
Before proceeding to the real world application, it is necessary to conduct analysis on the 333 sensitivity and accuracy of the fusion algorithm. Due to the lack of ground truth data, we 334 conduct the analysis on a micro-simulation test-bed. This study chooses VISSIM simulation 335 package after considering the plausibility of the VISSIM model for replicating complex 336 traffic dynamics.
338
The Waterloo Road section (Figure 1) is coded into VISSIM which is used to generate a 339 synthetic scenario. The VISSIM simulation time step is set to be one second and the 340 simulation period is one hour. According to field observations, the demand rates are set to be 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 To simulate the trafficmaster data, we randomly select 100 out of the 1,516 vehicles (i.e. a 357 penetration rate of 6.6%) and assume that they are equipped with GPS devices that can report 358 the associated positions every second.
360
To simulate the AVI system, we place two virtual 'cameras' at the entrance and the exit of 361 the road stretch. It is found that 283 out of 1,516 vehicles would travel all way through the 362 stretch and hence their associate journey times will be regarded as the 'ANPR' journey time 363 herein. The journey times of these 283 vehicles are processed into 1-min averages.
365
The 'raw' trafficmaster and ANPR data are first processed by the ASM specified by formulae
366
(1) and (3) in Section 3.1 and projected onto a common user-defined space-time grid with 367 resolutions at 50-m (∆x) and 1-min (∆t). Following expression (5), the smoothed data are then 368 integrated by using the following linear combination: We now present the application of the data fusion algorithm with the real world data. Given 404 the ANPR and trafficmaster data, we find β to be 0.27 using the method described 405 previously, and it is found that this β value is not significantly different from the determined 406 by using simulated data. The corresponding overall RSMPE is found to be 9.6% which is 407 slightly higher than the one we obtained from the VISSIM simulation test-bed. We suggest This paper presents an application of kernel based interpolation method to urban traffic data 440 fusion. The application is illustration through a case study on Central London road network.
441
Due to the lack of ground truth data, the performance of the fusion algorithm is analysed by 442 using a virtual test-bed generated by VISSIM micro-simulation. It is interesting to note that 443 the anisotropic filter formulation proposed by Treiber and Helbing (2002) 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 
